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6 Measuring the fibre dewatering potential 
6.1 Introduction
During wet pressing part of the water that may leave the wet web is known to be 
located within the fibre walls (Carlsson et al. 977; Maloney et al. 997). This water 
has to overcome a higher flow resistance than the water located between the fibres. 
Therefore, it is interesting to know which part of the water that may be removed by 
increasing the applied pressure originates from the fibre walls.
A technique providing the required data is the solute exclusion technique (Carlsson 
et al. 977). In this technique, polymers of different sizes are added to the sample. 
During dewatering the concentration of these polymers in the water pressed form 
the sample is measured, giving an indication of the size of the pores being dewatered. 
From this size distribution the minimal force may be calculated that is required to 
make the water available. However, the solute exclusion method is rather laborious 
and requires specialist techniques. 
Maloney (Maloney and Paulapuro 999) reported the centrifugal compression value 
(CCV) test as a means to determining the intra-fibre water content as a function of 
the applied load. In this test a pulp sample is centrifuged while being compressed 
by a weight sitting on top of the sample. By measuring samples at different loads 
a CCV-curve is obtained. This method has been used to determine the intra-fibre 
water content as a function of the applied for various types of furnishes. The CCV 
test as reported by Maloney provides information on the dewatering characteristics 
of fibre pads, which not necessarily correlate with the dewatering characteristics of 
sheets. Additionally no validation of the outcomes of this test method was published.
Therefore, in addition to the structural-pressure curve test discussed in chapter , 
a new test was developed, the water-retention curve. This curve is determined by 
measuring the water retention value (WRV) of samples after they have been compressed 
for determining the structural-pressure curve. In this way the water-retention curve 
was measured as an extension to the structural-pressure curve measurement.
To interpret the outcomes of the water-retention curve, this curve was determined in 
combination with the structural-pressure curve for a number of furnishes which show 
considerable variation in dewatering behaviour. The results were compared both with 
each other, and to the values obtained with CCV tests on a TMP hand sheet. 
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6.2 Working principle of water-retention curve test
The WRV measurement is based on the centrifugal force as a means of separating 
water from fibre material. A centrifuge is used to overcome the capillary action that 
keeps the water in the pores. The relation between capillary pressure and pore radius 
is given by equation 6-.
 equation 6-1
In which Pc represents the absolute pressure [N/m], γ is the surface tension [N/m], θ 
is the wetting angle [degrees], and r is the pore radius (or equivalent circular radius) 
[m]. Water wets the fibres, thus the factor cosθ = . 
This means that the higher the force caused by the centrifuging, the smaller the pores 
that will be emptied.
The centrifuging force on the water is described by equation 6-.
 equation 6-2
In which Fc represents the centripetal force on the water [N], A is the surface area 
across which the force on the water acts [m], ω is the angle speed in rounds per 
second [/s], L is the distance from the centre of the centrifuge to the bottom of the 
filter cup [m], mw is the mass of the water in the sample [kg], G represents the G-force 
resulting from the centrifuging [-], and g is the gravitational acceleration [m/s]. The 
product πω L equals the speed at which the sample moves in the centrifuge [m/s]
Instead of fibre pads of ca 00 g/m, as used for determining the WRV, we used 
samples of hand sheets (50 cm of 00g/m hand sheets). The surface area of our cups 
was 56 mm and the water mass of the samples was at least 0. g (60% dry content 
after wet pressing). At  oC the surface tension of water and air is 0.07 N/m.  
To determine the required G-force we will assume that the minimum pore radius 
to be emptied by the centrifugal force is that at which the capillary action (equation 
6-) equals the centrifugal force (equation 6-). This results in equation 6-, which 
estimates the G-force required to empty all pores above a certain radius, r. 
 equation 6-3
Fc      ( 2πω L)2   mw             mw          __ = ________ ___  = Gg ___
A             L          A               A
          2γ cos θPc = ________                r
         2γ AG= _____ 
        mwrg
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In which G represents the G-force caused by centrifuging speed [-], γ is the surface 
tension [N/m], A is the surface area on which the force acts on the water [m], mw 
is the mass of water in the sample [kg], r is the pore radius (or equivalent circular 
radius) [m], and g is the gravitational acceleration [m/s].
According to the results presented in chapter 7, the maximum radius of the inter-
fibre pores, i.e. the void spaces that will be emptied in this way, should be  micron. 
This results in a minimum G-force of 700. To calculate this number we made some 
assumptions:
•  The sample was regarded as a homogeneous solid-water mixture, instead of a folded 
inhomogeneous paper sample. 
•  The calculated values are based on average results, while ignoring strong deviations 
from the average that may occur locally.
Therefore, this number should be regarded as an estimate rather than a precisely 
calculated number. Nevertheless, it will allow us to determine which of the two 
generally applied methods for measuring the WRV is appropriate to our application: 
the Northern American method described by Tappi UM 56, or the European 
method described by ZellChemig Merkblatt IV//57. These test descriptions differ 
considerably in centrifuging time and centrifuging speed. The European ZellChemig 
IV//57 standard prescribes 000 G during 0 minutes for unrefined pulp and 5 
minutes for refined pulp. 
The Tappi UM 56 standard prescribes 900 G during 0 minutes at  oC +/-  oC. 
The calculated minimum G force indicates that in this application only the 
ZellChemig standard will yield a good estimate for the intra-fibre water content. The 
ZellChemig standard was therefore used.
6.3 Experimental 
6.3.1 Furnishes
The test were carried out on hand sheets made of four different types of pulp: 
thermo-mechanical pulp (TMP), low yield bleached kraft hard wood (BKHW) pulp, 
low yield bleached kraft soft wood (BKSW) pulp, and recycle pulp (B-grade). 
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The recycle pulp was obtained by repulping cardboard made of 00% B quality pulp 
in a laboratory table digester. The TMP was produced at the Norske Skog-Parenco 
newsprint mill and air-dried at TNO. The BKSW and the BKHW were obtained as 
dry bales. After dispersing the BKSW and the BKHW were lightly beaten in an Imset 
differential Mühle für Imitationsmahlung (i.e. Imset differential laboratory refiner). 
The BKHW was beaten for 5000 rounds and the BKSW was beaten for 500-000 
rounds at minimum pressure. 
Hand sheets were made using an 80 mesh sheet former. The sheets were made 
shortly before the tests using of the fresh pulps, covered with plastic, and stored in a 
refrigerator until the test. 
Immediately before the test, circular samples were cut from the hand sheets using the 
Zwick Kniehebelpresse in combination with a circular knife with a diameter of 79.8 
millimetre.
6.3.2 Structural-pressure and water-retention curve
The pressure pulse was preset and carried out automatically to guarantee a high 
reproducibility of the measurements. The only aspect to be changed was the value of 
the maximum pressure, cf. figure 6-. The samples were compressed to completion at 
one pressure. The samples were compressed to completions by a certain pressure. For 
each type of sample data were collected at the following structural pressures: 0., 0.5, 
.0, .0, and .0 MPa. For each pressure a new sample was used.
The samples were dewatered in the lateral direction only (i.e. in the xy-plane) by 
compressing the sample between two solid surfaces. Any excess water was removed 
by absorption with tissues. The water forced out of the sheet was removed to prevent 
the occurrence of significant rewet during the expansion. The samples were dewatered 
in the xy-plane to guarantee homogeneous dewatering.
The samples were first weighed, after which they were preconditioned by compressing 
them to 0. MPa for  minutes. After preconditioning the press was opened, and the 
samples weighed again. The samples were then compressed again for  minutes at 0. 
MPa before the intended structural pressure was applied for 5 minutes. This compression 
time should be sufficient to press the samples to completion (Paulapuro 00).
The final stress was assumed to equal the structural pressure exerted by the sample. 
To allow the moisture ratio to be determined, the samples were weighted directly 
after opening of the press.
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After weighing, the water retention value (WRV) was measured by putting the 
compressed sample in a filter cup, sealing the cup with para-film, and centrifuging 
for 0 minutes at 800 rpm (the maximum speed of our centrifuge). The distance 
between the bottom of the filter cup and the centre of the centrifuge was 0. metre. 
The moisture content before centrifuging varied between 6 and 0.8 kg/kg, and the 
dry weight of the samples varied between 0. and 0.7 gram. Therefore, the water 
content varied between 0. and . gram. 
To determine the samples’ dry weight, the samples were dried in an oven for at least 
three hours at 05 oC. Using the dry weight of the sample, both the equilibrium 
moisture ratio (MR), and the WRV at the structural pressure were calculated for 
each sample. 
6.4 Results
The tests described above resulted in a number of data points per furnish, a 
representative example of which are the results obtained for TMP, as shown in figure 
6-. In the figures the applied pressure was expressed in bar,  bar = 0. MPa.
Before pressing, the sample underwent various minor stresses during formation and 
storage. The net effect of these pressures was estimated to equal a structural pressure 
of 0. bar (= 0.0 MPa). Therefore, the value of the x-axis starts at 0. bar. This also 
explains why the moisture ratios of the samples before wet-pressing were plotted at 
0. bar. 
Non-linear regression of the data shows that the structural-pressure curve can be 
fitted by a power function, cf. figure 6-. This is in agreement with the data reported 
in literature (Mulder 995; Nilsson and Larsson 968). 
Figure 6- shows the water retention values (WRVs) measured on TMP. The only 
available evaluation is comparison with the results yielded by Maloney’s CCV test 
(Maloney and Paulapuro 999). Therefore, the results of both methods were plotted 
in the same figure.
At pressures of 5 bar (0.5 MPa) and higher the measured values of both methods 
coincide. However, the measurements at low pressures were significantly different. 
This was not expected, since both methods centrifuge the samples at 500 rpm. 
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Provided that in both cases the centrifuge radius was about 0. metre this should 
result in similar dewatering results. The only difference is that the pulp used was air-
dried, whereas the CCV pulp was never dried.
However, Carlsson reported a WRV for never-dried TMP before wet pressing of .-. 
kg/kg (Carlsson 98). This is in good agreement with the water-retention curve, indicating 
that the CCV method overestimates the WRV at low pressures, and that the centrifuging of 
pressed samples in our method gave a correct estimate of the fibre-water content.
Figure 6- shows the CCV values plotted together with the structural-pressure 
curve of TMP. The CCV appeared to better fit the results of the structural-pressure 
curve. Apparently, centrifuging during compression removes water less well than 
centrifuging after compression. This was probably due to one of the inherent 
advantages that the above presented method has over the CCV test. These inherent 
advantages are listed below.
Firstly, the pulp will not clog the filter, since it is formed and pressed before it is 
centrifuged. 
Secondly, significant less water needs to be removed, since most of the water is 
removed while determining the moisture content. This makes it more likely that all 
superfluous water will be able to leave the sample during centrifuging.
Thirdly, the determination of the WRVs is truly additional to the structural-pressure 
curve, and no special equipment is required apart from glass filter cups and a 
sufficiently capable centrifuge. Specially designed cups are required for the CCV test 
(Maloney and Paulapuro 999). Standard glass filter cups were prone to breaking.
6.5 Discussion
Now that we have determined that the experimental method yielded meaningful 
results, we can study the relation with the applied pressure. We tested a number of 
furnishes, and the measured values for the water retention fit the following relation 
with the structural pressure, cf. Table .
 equation 6-4
       WRVIn  ______ =  -b pS      WRVo
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In which WRV represents the water retention value [kg/kg], WRV0 is the water 
retention value before wet pressing [kg/kg], b is a material characteristic [m/N], and 
pS  is the structural pressure [N/m].
Table 1: Fitting to equation 6-5 of experimental data for a number of furnishes yielded 




Tmp . . . 0-8
60% B12 +40% B19 0.8 .5 . 0-8
100% B12 0.9 . . 0-8
100% B12 repulped .7 .9 . 0-8
BKSW .56 9.0 . 0-8
BKHW .5 . . 0-8
This means that the dewatering of the furnishes is proportional to the applied load. 
This is in agreement with common sense; volume decrease of the fibres is linearly 
related to the dewatering. This equation can be easily written in a general form of 
Hooke’s law, which would imply that the fibres show elastic behaviour. However, this 
experimental set-up is to simple too allow for such generalisations. 
Figure 6-5 shows that fibre dewatering became significant when most of the water 
in the sample was located inside the fibre wall, in other words, when the total water 
content of the sample approached the fibre water content, the fibres started to dewater. 
The pressure at which this occurred varied per furnish type. This is clearly visible 
when comparing the experimental results obtained for BKSW to the experimental 
results obtained for repulped B pulp. For the BKSW the fibre dewatering became 
significant at a pressure between .0 and .0 MPa. At .0 MPa (0 bar) all the water 
inside the sample was located within the fibres, cf. figure 6-7. For the repulped B 
fibres water still remained between the fibres even when the sample was compressed 
to completion by .0 MPa, cf. figure 6-6.
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It is perfectly possible that under dynamic conditions, fibre dewatering will occur while 
there is still water between the fibres that lends itself to dewatering, provided that the 
drive for fibre dewatering is sufficiently high. We will return to this in chapter 8.
6.6 Conclusions
The water present in a wet web is divided over two different types of void fractions; 
the so-called inter-fibre and intra-fibre void fractions. The inter-fibre void fraction is 
formed by pores located in between the fibres, whereas the intra-fibre void fraction 
is formed by pores that are located inside the fibre wall. The pores making up these 
void fractions differ significantly in dimension. Because of this scale difference the 
intra-fibre void fraction is expected to be significantly less permeable to water than 
the inter-fibre pores. Therefore, a new and easy to use method was developed to 
separately determine the deformation of the intra-fibre pore space and the inter-fibre 
pore space as a function of the applied load.
This method provides a good indication of the dewaterability of a sample, since it 
not only shows how much water may be removed by an increase in pressure but also 
which part of the water has to be removed from the fibres.
After pressing to completion, the water content in the fibres appears to be an 
exponential function of the applied pressure. The fibres do not dewater significantly 
before all the water present in the pores between the fibres is removed. To determine 
whether this is due to high flow resistance in the fibre walls or lack of driving force, 
experiments under dynamic conditions will have to be carried out. This method may 
be helpful to determine the fibre water content after wet-pressing under dynamic 
conditions.
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